Objective This study aimed to clarify the role of acute alcohol use and alcohol use disorder in individuals exhibiting suicidal behaviors, including repetition of suicide attempt. Methods Data pertaining to 691 suicide attempters who had visited an emergency center and had been followed-up from 2010 to 2015 were gathered. Participants were categorized into following three groups according to alcohol use pattern at the time of the suicide attempt: 1) suicide attempters with neither alcohol use disorder nor acute alcohol consumption (NAU), 2) suicide attempters who had used alcohol during the suicide attempt but did not have alcohol use disorder (AAU), and 3) suicide attempters with alcohol use disorder (AUD). Group comparisons and multivariate Cox proportional models for suicidal behavior were used for statistical analysis. Results AUD have been shown to have lower lethality of suicide attempt but higher risk of suicide reattempts in the future. Furthermore, positive relationships between suicide reattempts and AUD persisted throughout the longer period than other groups. Conclusion Suicide attempters with AUD should be considered a high-risk group for suicide reattempts in future, and this group should be followed-up for a longer period with specialized care program. 
INTRODUCTION
Alcohol is one of the leading causes of the global burden of disease, and alcohol use disorders (AUDs) are known to be a major risk factor for suicide. 1 AUDs are the second most common psychiatric disorder among those exhibiting suicidal behaviors worldwide, following major depression. 2 Further, about 40% of patients with AUD have had at least one suicide attempt at some point. 3 A large cohort study conducted in Denmark indicated that suicide mortality was higher in Print ISSN 1738-3684 / On-line ISSN 1976-3026 OPEN ACCESS patients with AUD than it was in any other psychiatric illness (unadjusted hazard ratio: 7.98). 4 On the other hand, acute alcohol use(AAU) increases the risk of suicidal behavior, which indicates that alcohol consumption at the time of suicide is not merely a reflection of ongoing drinking problems. 5 Further, about 37% (10-69%) of suicide decedents and 40% (10-73%) of suicide attempters were found to have used alcohol at the time of the suicide attempt. 2 Several studies have examined the overlapping effect of AUD and AAU on suicide attempts. 6 One previous study suggested that individuals attempting suicide under the influence of alcohol were more likely to have AUD (30-49%) 7 and other studies found that the rate of AAU was higher in individuals with AUD in completed suicides (69% vs. 23%) 8 and in suicide attempts (83% vs. 31%). 9 However, since the alcohol use patterns are often duplicated and it is difficult to distinguish clearly, there are few studies that separately examine the effects of the AUD and AAU on suicidal behavior. The suicide rate in Korea is the second highest among the Organization for Economic Co-Operation and Development (OECD) member countries, with 25.8 deaths per 100,000 people, which is approximately 2.2 times higher than the OECD average of 11.6 deaths per 100,000 people. 10 Further, compared to western countries and other Asian countries, the suicide rates in Korea presented a sharper increase and stronger persistence. In Korea, which has such a high suicide rate, the per capita consumption of alcohol is 7.95 L, and the annual drinking rate of adults is close to 77%, which is far above the world average according to the WHO statistics published in 2014. This unusual alcohol use rate might allow to suggest the presence of a strong association with the high suicide rates in Korea. Although controversy still exists with the alcohol use pattern in relation to the risk factors for suicide reattempts, alcohol use has been known to be associated with repeated suicide attempts. 11 However, studies on the association between alcohol use pattern and suicide reattempts are lacking in Korea, and very little is known about the effect of alcohol use in prolonged risk of suicide reattempt.
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In these context, we aimed to outline the transient and prolonged effects of alcohol use patterns on suicide attempters. The main objectives of the present study were: 1) to assess the characteristics of suicidal behaviors according to alcohol use patterns; 2) to compare the lethality and intent of suicide attempters by alcohol use patterns; 3) to investigate the prolonged risks of repeated suicide attempts by alcohol use patterns. To our knowledge, this is the first study to compare the characteristics of suicidal behaviors within groups according to non-overlapping patterns of alcohol use, using a Korean sample who have both high rates of suicide and alcohol consumption at the same time.
METHODS
Study sample
Study subjects were 1659 suicide attempters who visited Gangwon Western Region Emergency Medical Center during the 6-year period from March 1, 2010, to December 31, 2015. A suicide attempt was defined as self-destructive behavior with the intention of ending one' s life, leading to a patient' s admission to the emergency room. 12 Data on 691 suicide attempters were finally analyzed, excluding those who were aged less than 18 years, were not available to evaluate alcohol use history, and had refused the case management program intervention ( Figure 1 ). All subjects were fully informed about the aims and methods of the study and the case management program, and informed consent was obtained prior to participation.
Baseline measures and assessment instruments
Sociodemographic characteristics
After physical assessment by an emergency department physician, a psychiatric interview was conducted with all patients, including sociodemographic variables such as age, gender, education level, marital status, religion, employment, monthly income, medical illness, and smoking status.
Characteristics of presenting suicide behaviors
The characteristics of suicide behaviors presented were assessed for all patients, including current suicide ideation (absent/present/uncheckable), suicide plan (absent/present), last will (absent/present), prior suicide attempts (absent/present), method of suicide attempt (poisoning/gas inspiration/hanging/sword/fall down/others), help seeking (no/provide a clue/ seeking help before the attempt/seeking help after the attempt), and medical lethality (low; no damage or mild physical damage/high; severe physical damage requiring intensive treatment), and the following scales were administered.
Risk-Rescue Rating Scale
The Risk-Rescue Rating Scale (RRRS) was used to assess the perceived severity of the current suicide attempt. The RRRS measures suicide risk based on five suicide risk factors and five rescue factors. The RRRS score is calculated by dividing the risk coefficient with the sum of the risk coefficient and rescue coefficient, with lower scores indicating lower lethality of the suicide attempt. Higher RRRS scores suggest severe lethality with a high possibility of completing suicide. 13 
Suicidal Intent Scale
The Suicidal Intent Scale (SIS) was developed to assess the risk of suicide and severity of suicidal intent. It is used widely because it quantifies suicidal intentions and has been validated, exhibiting a high correlation with suicide risk. 14 The SIS score was calculated by summing the circumstances score (eight items) and self-report score (seven items), with higher scores indicating higher suicide intention.
Categorization of alcohol use patterns
To evaluate the alcohol drinking pattern of suicide attempters, we assessed the consumption of alcohol at the time of the suicide attempt and used a three-items subscale of the Alcohol Use Disorders Identification Test (AUDIT-C). 15 Acute alcohol use was considered present if the suicide attempters consumed alcohol before and/or at the time of the suicide attempt. Male suicide attempters who had AUDIT-C scores of 7 or higher, and females with scores of 6 or higher were considered to have alcohol use disorder. The higher cut-off scores of the AUDIT-C in the Korean population as compared to that in other countries (4 or higher in men and 3 or higher in women) 16 represent the high frequency and quantity of alcohol drinking observed in Korea, and the validity of the cut-off scores has been confirmed in a previous study. 17 Thus, based on the AUDIT-C scores, we divided the suicide attempters into the following three groups: 1) suicide attempters with neither alcohol use disorder nor acute alcohol consumption [NAU; n=203 (29.4%)], 2) suicide attempters who had used alcohol during the suicide attempt but did not have alcohol use disorder [AAU; n=133 (19.2%)], and 3) suicide attempters with alcohol use disorder [AUD; n=355 (51.4%)].
Follow-up procedures
Participants who consented to participation in the study have been followed up by trained investigators. The investigators were mainly psychiatric nurses and social workers, but the procedures and assessments of the study were guided and supervised by two psychiatrists, and weekly consensus meetings were held with the entire investigators, two psychiatry residents, and two psychiatrists. Each participant is assessed for repeat suicide attempts every 3 months, via face-to-face or over the phone interviews, and/or he/she is contacted at the time of suicide reattempt.
Statistical analysis
At baseline, we compared the sociodemographic and suicidal behavior characteristics of the three groups using a Pearson's chi square test and a one-way ANOVA. The RRRS and SIS scores were compared using the Scheffe's method. The primary endpoint was based on a survival analysis and was determined using the Cox proportional model. The length of follow-up for each subject was determined by the number of months between the baseline evaluation and the date of either a repeat suicide attempt or the end of the follow-up period. The results are reported as hazard ratios (HRs) with 95% confidence intervals (CI) and p values from the Cox proportional hazard regression model. Furthermore, multivariate Cox proportional models were applied to examine group differences after controlling for demographic factors (age, sex, education level, marriage status, religion, employment, monthly income, smoking, and medical problems) and characteristics of suicide behaviors (suicide ideation, suicide plan, last will, past suicide attempt history, method of suicide attempt, medical lethality, and help seeking). Further, the Kaplan-Meier method was used to compare the point of suicide reattempt for the participants. All statistical analyses were performed using SPSS (version 23.0, IBM Corp., Armonk, NY, USA), and statistical significance was declared at p<0.05.
Ethics statement
This study was approved by the Institutional Review Board of the Yonsei University Wonju College of Medicine (YWMR-15-9-097). All the participants provided informed consent. 
RESULTS
Sample characteristics
The final sample included 691 suicide attempters, who were divided into the three groups according to the pattern of alcohol use in relation to the suicide attempt. The descriptive statistics and proportions of each alcohol use pattern among suicide attempters who visited the emergency room have been presented in Table 1 . Among the suicide attempters, 19.2% had AAU, and 51.4% had AUD. And also 78.9% of AUD group had drank alcohol at the time of suicide attempt. There were significant differences between the three groups in terms of age, gender, education level, religion, monthly income, medical problems, and smoking status but no differences were found for marital status and employment. The participants belonging to the NAU group were significantly older (52.87±20. 15 
Group comparison of suicidal behaviors
The groups did not differ in terms of current suicide ideation, suicide plan, and last will. However, those with AUD showed a significantly higher rate of prior suicide attempts (37.4% vs. Table 2) . Further, those with AUD showed a lower RRRS score as compared to those in the NAU group (37.52±7.99 and 40.46± 8.99, respectively; p<0.001), and a higher rescue score than those in both NAU and AAU groups (12.46±2.05, 11.64±2.17, and 11.90±2.23, respectively; p<0.001), which means that those with AUD tended to attempt low-risk suicide with a high rescue opportunity. However, there was no significant difference between the AAU and the other groups in terms of the RRRS and SIS scores ( Table 3) .
Effects of alcohol use on repetition of suicide attempts
The mean follow-up period of participants was 13 months (SD 15.87) and ranged from 1 to 60 months. Table 4 shows that AUD was associated with increased HR of suicide reattempts before and after adjusting for covariates such as demographic and suicide-related variables; however, AAU was not associated with future suicide reattempts. Further, as compared to the NAU group, the AUD group was 2.55 times (95% CI: 1.36-4.78) was more likely to repeat suicide attempts, before adjusting for other factors. Model 1 shows the HR after adjusting for sociodemographic factors (age, sex, education level, marriage status, religion, employment, monthly income, smoking, and medical problems), Model 2 shows the HR after adjusting for the characteristics of suicidal behavior (suicide ideation, suicide plan, last will, past suicide attempt history, method of suicide attempt, medical lethality, and help seeking), and Model 3 shows the HR after adjusting for both sociodemographic and suicide behavior characteristics. The HRs for the AUD group were higher for each model (HR: 2.96, 95% CI: 1.23-7.10 in Model 1; HR: 2.27, 95% CI: 1.12-4.58 in Model 2; HR: 2.96, 95% CI: 1.23-7.10 in Model 3) as compared to that for the NAU group. Further, as compared to the AAU group, the AUD group was not more likely to attempt suicide before adjusting covariates, but it was 2.43 times (95% CI: 1.03-5.69) more likely to repeat suicide attempts after adjusting for demographic factors in Model 1.
Following an analysis of the reattempt period using the Kaplan-Meier method, it was found that 76 out of the 691 patients reattempted suicide; 12 (5.9%) of the NAU group, 10 (7.5%) of the AAU group, and 54 (15.2%) of the AUD group ( χ 2 =13.44, Model 1: Adjusted for demographic characteristics (age, sex, education level, marriage status, religion, employment, monthly income, smoking, and medical problems), Model 2: Adjusted for characteristics of suicide behaviors (suicide ideation, suicide plan, last will, past suicide attempt history, method of suicide attempt, medical lethality, and help seeking), Model 3: Adjusted for demographic and suicide behavior characteristics, CoxPH: Cox's proportional hazard, NAU: No Alcohol Use Group, AAU: Acute Alcohol Use Group, AUD: Alcohol Use Disorder Group, AIC: Akaike Information Criterion, HR: hazard ratio, CI: confidence interval p=0.001). The survival analysis revealed that the risk of suicide reattempt was significantly higher in the AUD group than it was in the others, throughout the 60-month follow-up period. Further, as a result of drawing a hazard curve for each variable, it was confirmed that the proportional hazard exhibited valid intersections (Figure 2) . Analysis of the difference in the reattempt period according to alcohol use patterns found that the increase in the cumulative proportion of suicide reattempts in patients with AUD lasted for a longer period than it did for the others (60 months vs. NAU: 36 months and AAU: 25 months; Log Rank χ 2 =11.34, p=0.003).
DISCUSSION
In the present study, we highlighted several important associations among characteristics of suicidal behaviors, risk of suicide reattempt, and alcohol use patterns among suicide attempters who visited emergency room. The present analysis revealed a high rate of incidence of AUD (n=355, 51.4%) in suicide attempters who visited the emergency room. This prominent association of alcohol with suicide behavior may be due to the cultural differences in alcohol drinking observed in Korea. The main findings of this study are as follows. First, we found that patients with AUD attempted suicide with more help seeking behaviors and had higher proportion of low medical lethality compared to not only NAU but also AAU group. Second, suicide attempters with AUD showed lower risk-rescue rating scores with a high rescue opportunity but suicide attempters with only AAU did not. Third, while AAU was not associated with the risk of future suicide reattempt before and after adjusting for other risk factors, AUD was related to higher risk of suicide reattempt compare to NAU and the increased risk was prolonged longer period.
This finding is consistent with those of previous studies that revealed that impulsive suicide attempts are more strongly associated with AUD than with AAU. 18 The present study also replicated previous studies that AUD was found to increase the risk of repeated suicide attempts, 19 and previous suicide attempts in alcohol dependent patients increased the risk of subsequent suicide attempts. 20 While in line with prior work, the unique findings of this study are that the risk of suicide reattempts in patients with AUD was consistently high regardless of AAU, both before and after adjusting for other risk factors for repeated suicide attempt such as lethality and suicidal intent of the previous suicide attempt.
The results of this study reflect the fact that, among those with AUD, suicidal behavior is more related to the psychopathology of alcohol dependence, such as difficulty in impulse control. In the study, suicide attempts in patients with AUD tended to have low lethality and risk-rescue rating scores at baseline. Several previous studies have focused on this issue, and have reported that alcohol-related suicide attempts have low mortality and high risk of repeated suicide attempts. This tendency is called as "deliberate self-harm syndrome". 21 Therefore, suicide attempts in those with AUD may be overlooked due to their low lethality, as revealed in the present study (e.g., there is a lower risk of complete suicide in patients with AUD). However, based on the present findings, it is suggested that suicide attempts in patients with AUD require more careful evaluation and intervention owing to the high risks of repetition.
Furthermore, we also found that the high risk of suicide reattempt for patients with AUD lasted for more than 60 months after the previous suicide attempt, while the same persisted for up to 36 months in patients with AAU. This suggests that AUD may have more extensive and long-lasting impacts on subsequent suicidal behavior. It is important to note that some mood disorders, one of the important risk factor of suicide attempts, may be caused by alcohol consumption and alcohol withdrawal, and it is often associated with chronic affective dysregulation. 22 Both aggression and depression are well-known risk factors for subsequent suicidal behavior in alcohol dependent individuals. 23 As has been noted by numerous studies, AUD may play a key role in recurrent suicidal behavior, through a number of mechanisms that exacerbate negative mood states and risky behaviors that promote suicidal behaviors. 24 On the other hand, some previous studies have explained the adverse consequences on brain development and executive function in patients with AUD due to a number of neurotransmitter hypofunctions. 25 Thus, neurobiological factors, including serotonergic mechanisms, may play a role in repeated suicide attempts in patients with AUD. The serotonin neurotransmission deficiency may be associated with impulsiveness and suicide attempts that accompany alcohol depen- dence. 26 It is well known that behaviors associated with prefrontal brain dysfunction in patients with AUD significantly predict not only the executive function system but also affective abnormalities. 27 These permanent and complex effects of AUD in suicide attempters may increase and sustain the risk of repeated suicide attempts.
The strengths of this register-based study include the large numbers of cases of suicide attempters included in the analysis and the use of a detailed questionnaire to collect information on alcohol use pattern and characteristics of suicidal behaviors. Additionally, we performed follow-up and analysis of suicide reattempts after adjusting the detailed variables over a sufficient periods of time, which has never been done before in Korea. The present study has a number of limitations that should be considered when interpreting the findings. First, the sample of the present study was limited to one university hospital in a specific area in Korea, which may limit the generalizability of the current findings. Second, there was a selection bias because we excluded several patients who refused to consent to psychiatric evaluation or were missing drinking information. Third, there is insufficient information on comorbid diseases (e.g., mood disorder, personality disorder) that may affect the progress of suicide attempters. Despite these limitations, this study made it possible to understand the relationships among the factors related to alcohol use patterns that affect suicidal behavior over time.
In conclusion, suicide attempters with AUD have been shown to have lower lethality of suicide attempt but higher risk of suicide reattempts in the future, regardless of alcohol use at the time of suicide attempt. The results of present study suggest that suicide attempters with AUD should be considered a high-risk group for future suicide reattempts, and careful attention should be paid to the development of a longerterm intervention program. Additionally, each suicide attempter needs to be evaluated carefully for AUD, regardless of whether they had consumed alcohol at the time of the recent suicide attempt. Our results highlight the importance of specific and individualized aftercare programs of sufficient duration for suicide attempters with AUD. In this context, besides suicide prevention and aftercare programs that usually focus on depression, 28 the careful assessment and appropriate treatment for underlying AUD among suicide attempters should be considered.
